Treatment of chronic phantom limb pain using a trauma-focused psychological approach (1, 2) , and often leads to significant impairment in occupational and social functioning (3) . Daily pain is reported by 48% of patients with PLP (4) and reviews have concluded that regular pain treatment is seldom effective (5, 6) .
Both peripheral and central factors have been proposed as determinants of PLP. However, peripheral factors alone cannot be the primary or sole factor in PLP because it occurs even when no pathological features are present in the residual limb (7) . Central factors -ie, cortical reorganization and the development of somatosensory memories (8-10) -have been identified that are strongly associated with the intensity of PLP. Two types of somatosensory memories are described -those resulting from long-lasting preamputation pain, and pain flashbacks, which are part of a traumatic memory (9, (11) (12) (13) .
Katz and Melzack (9) proposed that a neural representation of the sensory qualities of the preamputation pain is formed when the patient is exposed to mild pain of long duration or intense pain of short duration. Once this neural network has been formed, it can be activated even when only some of its elements are present in the sensory input (14) . The precise mechanisms are not yet known, but both the loss of normal afferent input following amputation and the associated process of cortical reorganization seem to play a role (7, 15) . Pain flashbacks have been described as a symptom of posttraumatic stress disorder (PTSD) (11, 12) , but can also occur in subjects who no longer meet the criteria for PTSD (13) . These BACkgRound: Chronic phantom limb pain (PLP) is a disabling chronic pain syndrome for which regular pain treatment is seldom effective. Pain memories resulting from long-lasting preamputation pain or pain flashbacks, which are part of a traumatic memory, are reported to be powerful elicitors of PLP. oBJeCTiVe: To investigate whether a psychological treatment directed at processing the emotional and somatosensory memories associated with amputation reduces PLP. MeTHodS: Ten consecutive participants (six men and four women) with chronic PLP after leg amputation were treated with eye movement desensitization and reprocessing (EMDR). Pain intensity was assessed during a two-week period before and after treatment (mean number of sessions = 5.9), and at short-(three months) and long-term (mean 2.8 years) follow-up. ReSuLTS: Multivariate ANOVA for repeated measures revealed an overall time effect (F [2, 8] =6.7; P<0.02) for pain intensity. Pairwise comparison showed a significant decrease in mean pain score before and after treatment (P=0.00), which was maintained three months later. All but two participants improved and four were considered to be completely pain free at three months follow-up. Of the six participants available at long-term follow-up (mean 2.8 years), three were pain free and two had reduced pain intensity. ConCLuSionS: These preliminary results suggest that, following a psychological intervention focused on trauma or pain-related memories, substantial long-term reduction of chronic PLP can be achieved. However, larger outcome studies are required. flashbacks resemble the pain experienced during the traumatic event and are triggered by specific environmental or internal stimuli, suggesting a classically conditioned response. The similarity of the flashbacks in quality and location to the original pain experience, the triggering of flashbacks by trauma-related cues, and the associated emotional arousal and avoidance suggest the involvement of a somatosensory memory mechanism (11) .
Painful conditions, such as PLP, may be the result of inappropriately stored or chronically activated pain memories that continue to disturb the subject even after the disease or injury has been successfully treated (10, 13, 16, 17) . These memories are a major factor in the maintenance of PLP, and disengagement of such memories may have a lasting effect on PLP. Methods that are potent in processing traumatic memories might also be effective in reducing the affective dimensions of pain memories to a situation-appropriate level (16) .
An intervention specifically aimed at processing unresolved memories of negative experiences is eye movement desensitization and reprocessing (EMDR), an evidence-based treatment for traumatically induced memories (18, 19) . Small case series (17, (20) (21) (22) (23) have indicated that EMDR is effective in the treatment of PLP. However, limitations of these studies are that the presence of PTSD was not always assessed, no longterm follow-up data were collected, and pain intensity was based on the patient's current pain rather than assessing pain intensity over a longer period (17, 20, 22, 23 ).
The present study tested the effectiveness of a traumafocused psychological approach in the treatment of chronic PLP, using a standardized EMDR pain protocol. Mean pain intensity as the primary outcome measure was assessed over a two-week period, and a long-term follow-up was conducted.
MeTHodS

Participants
The present study included 10 consecutive participants (six men and four women) 32 to 67 years of age (mean [± SD] age 50.1±10.1 years) with chronic PLP after leg amputation (Table 1) . Inclusion criteria were a history of at least 12 months PLP and severe disabling pain for at least five days per week. Participants were excluded from the study if a psychiatric disorder was diagnosed for which immediate treatment was necessary (eg, psychosis, dissociative disorder or risk of suicide). Medical exclusion criteria (related to possible complications during the EMDR process) were epilepsy and pregnancy. Participants were asked not to change their medication for PLP during the study period, and to refrain from using any other treatment for PLP for the duration of the study.
Reasons for amputation were accidents (n=3), cancer (n=2), medical failures (n=2) and complex regional pain syndrome (CRPS) (n=1). Two participants had their leg amputated due to a combination of factors. One patient was suffering from an undiagnosed vascular disease and, as a result, lost her leg, and the other participant lost her leg because a plaster cast was placed too tightly around her leg after a serious accident. Time since amputation ranged from one to 39 years (mean 13.6±15.1 years).
Five participants had undergone leg amputation on the left side, and four on the right side. One participant had both legs amputated. The locations of amputation included below the knee (n=3), above the knee (n=2), upper leg (n=2) and pelvis (n=3). Four participants had no pain before amputation; in the remaining participants, the duration of preamputation pain was categorized as six months or less (n=2), six to 12 months (n=1) and one year or more (n=3). Phantom pain was described as aching, squeezing, cramping, shooting, burning, stinging and stabbing. Four participants did not use any medication for PLP, whereas the others used beta-blockers, opiates, antiepileptics or antidepressant medication. One participant used alcohol to reduce the level of pain ( Table 1) .
The study was conducted at the Mental Health Center 'Rivierduinen' (Leiden, The Netherlands) and at the outpatient clinic of the 'St Elisabeth Hospital' (Tilburg, The Netherlands). Participants were recruited between September (24) . After inclusion, all participants were assessed. The clinical diagnostic interview and questionnaires were administered and scored by research nurses from Rivierduinen and St Elisabeth Hospital. Treatment began two to four weeks after the assessment. The number of treatment sessions was not preset, but rigorous criteria were described for ending treatment.
Primary outcome measure: Pain intensity
Pain intensity was the primary outcome measure. All participants completed a symptom diary (for a two-week period), rating their pain intensity three times a day using a 0 to 10 numeric rating scale, in which 0 was defined as 'no pain at all' and 10 as the 'worst pain possible'. This was performed during the two weeks before treatment, following treatment, at three months follow-up and at long-term follow-up.
Secondary outcome measures
The Dutch version of the Symptom Checklist 90 (SCL-90) was used to measure psychological distress. The SCL-90 consists of eight subscales (somatic complaints, cognitive performance deficits, interpersonal sensitivity and mistrust, depression, anxiety, hostility, agoraphobia, and sleeping difficulties) and a total score (psychoneuroticism). Total scores range from 90 to 450 (25) . The Checklist Individual Strength -Revised (CIS-20R) was used to measure fatigue (26) . The CIS-20R consists of four subscales (subjective tiredness, concentration, motivation and physical activity) and a total score ranging from 20 to 140.
To assess intensity of PTSD symptoms, the Dutch version of the Impact of Events Scale (27) and the Self-Inventory List (SIL) (28) were used. The Impact of Events Scale consists of 15 items scored on a four-point scale. It has two subscales (avoidance and intrusions) and a total score ranging from 15 to 60. The SIL consists of 22 items scored on a fourpoint scale. It has three subscales (avoidance, intrusions and hyperarousal) and a total score ranging from 22 to 88.
Finally, the Dutch version of the Short Form-36 Health Survey (SF-36) (29) was used to measure generic health-related quality of life. The SF-36 consists of eight domains (physical functioning, role limitations due to physical and emotional problems, social functioning, bodily pain, mental health, vitality, and general health perception) with an outcome score of 0 to 100. Higher scores indicate a better quality of life.
Treatment
(target) and associated negative cognition, affect and body sensations. In addition, an alternative positive cognition is selected and the validity of cognition is measured using a scale from 1 ('completely false') to 7 ('completely true'). The level (or unit) of subjective disturbance is also measured, using a scale from 0 ('no disturbance') to 10 ('extreme disturbance'). 4. Desensitization of the target: The therapist asks the patient to keep the disturbing target image and related aspects in mind, while simultaneously focusing on the bilateral stimulation introduced by the therapist. Bilateral stimulation consists of alternating left-to-right eye movements, ear tones or hand tapping, at a rate of approximately two movements, tones or taps per second for approximately 45 s. After this 'set', the patient briefly reports what has come to mind. This procedure is repeated until the initial target memory is no longer disturbing. 5. Installation of the positive cognition: The patient is instructed to think of the target image and to rehearse the positive cognition while bilateral stimulation is added until it feels completely true. 6. Body scan: Check for any signs of residual physical tension or discomfort. If any of these signs are reported, the patient is instructed to focus on the physical sensations, while bilateral stimulation is added until the tension is reduced or has disappeared. 7. Closure of the session: Preparation of the patient to leave the session. 8. Re-evaluation in the following session: The patient comments on previously processed targets and, if necessary, a new target is selected for the next session. The number of EMDR sessions is determined by the number of traumatic memories (targets) to be accessed and resolved.
In the present study, in addition to trauma targets, painrelated targets and in-session experiences (targets) of PLP were selected for treatment. These three types of EMDR memories were targeted and processed one after another in the abovementioned order. Trauma targets consisted of actual disturbing memories of traumatic events (eg, the accident leading to the amputation), as well as the events following amputation. Next, pain-related disturbing memories were targeted. These were actual disturbing memories related to the consequences of the loss of a limb and resulting physical disability, or memories underlying inadequate coping with the pain (eg, an upsetting and painful memory of falling on the stump one year earlier, after which the patient still feels powerless). Finally, EMDR was directed at actual PLP as experienced during the session. The standard EMDR protocol was used for the first and second type of targets (19) . For processing of in-session PLP, an EMDR pain protocol (30) was developed that combined the standard EMDR protocol (19) and the pain protocol of Grant (31) . The latter protocol differs from the standard trauma protocol in that it focuses on currently experienced PLP and phantom limb sensations instead of the traumatic memory. In the present study, eye movements or auditory tones were used for bilateral stimulation. Because both methods were assumed to be effective (19, 32) , it was left to the therapist and/or patient to decide which one to use. EMDR treatment consisted of weekly 90 min sessions and was conducted shortly after recruitment in the study. Two senior psychotherapists trained in EMDR (C de R and ACV) delivered treatment. Treatment ended when the participant reported no more pain at the end of the session, or reported no further reduction in the level of disturbance related to trauma and pain-related targets, or in the level of pain intensity (actual pain target) during three successive sessions. In the present study, the mean number of sessions was 5.9 (range three to 10).
data analysis
Data were analyzed on an intention-to-treat basis with the last observation carried forward. Participant 9 resigned from the study after the fourth EMDR session.
Whenever one or more (but not all) items of a subscale were missing, the mean score of the remaining items of the same subscale replaced the missing item values for that individual. In total, five missing values were replaced.
To detect differences between our sample and the general population, the one-sample t test was used. P≤0.05 was considered to be significant. To determine whether the scores on the primary outcome measure (pain diary) changed over time, a general linear model repeated measures analysis was performed. When the general linear model revealed a significant (P≤0.05) time effect, the contrast test was interpreted (eg, type = simple) and the mean of each level was compared with the mean of level 1 (pretest). Effect sizes were calculated as eta-squared.
All statistical analyses were performed using SPSS 11.0 for Windows (SPSS Inc, USA).
ReSuLTS
Participants' characteristics
The results of the clinical diagnostic interview (Mini International Neuropsychiatric Interview Plus 5.0.0.-R) showed that all participants (except for one) had a normal profile. Participant 2 fulfilled DSM-IV-TR criteria for PTSD, obsessive-compulsive disorder, alcohol dependency and adjustment disorder with depressed mood. This participant used alcohol to reduce the level of pain. All participants fulfilled the diagnostic criteria for pain disorder.
Compared with the Dutch general population, the present sample had more symptoms of hyperarousal (SIL), more sleeping difficulties (SCL-90), felt more tired, had more problems concentrating and had a higher total score on the CIS-20R. Furthermore, physical and social functioning were more impaired, and they reported more bodily pain (SF-36) than the reference group (Table 2) .
Primary outcome measure: Pain intensity
The mean pain scores of the pain diary were 5.0±1.7 at pretest, 2.8±2.6 at post-test and 2.5±2.9 at follow-up. There was an overall time effect (F [2, 8] =6.7; P=0.02), which corresponds with an average effect size (eta-squared = 0.60). Pairwise comparison showed a significant decrease in mean pain scores before and after treatment (P=0.00), which was maintained at follow-up. Two participants (9 and 10) did not improve. Four participants (2, 4, 7 and 8) reported a clinically relevant reduction in pain intensity (range 32% to 57%) but were not pain free at follow-up, whereas four other participants (1, 3, 5 and 6) were considered to be pain free (score less than 1) at follow-up (Figure 1) . Those who were pain free stopped using medication.
Secondary outcome measures
As shown in Table 2 , all mean scores decreased or remained stable over time. A significant change over time, which was maintained at follow-up, was observed for the interpersonal sensitivity and mistrust subscale and the total score of the SCL-90, as well as for the vitality and bodily pain subscales of the SF-36.
With the exception of the concentration subscale of the CIS-20R and the physical functioning subscale of the SF-36, all scores that differed from the reference group at pretest normalized at follow-up. This was even the case for the bodily pain subscale of the SF-36.
Side effects during treatment
All participants felt very tired after the sessions and four of them reported headaches during the session. Three participants complained of an increase in PLP during or immediately following the EMDR sessions, especially after sessions in which actual pain and/or pain-related memories were targeted. Pain continued for several hours after the session, but in all cases disappeared after one night's sleep. No other side effects were mentioned.
Long-term follow-up
To collect data for long-term follow-up, all participants were approached again (by telephone) in April 2007 and were sent a booklet containing the pain diary with the request to rate their pain intensity over 14 days, three times a day. At that time, the mean duration since treatment was 2.8 years (range 26 to 40 months). Of the nine participants approached (participant 9, a nonresponder, had resigned from the study during treatment), six responded (participants 1, 2, 3, 4, 5 and 10); participant 7 (who had shown improvement) had died from cancer, and participant 6 (who was pain free at three months follow-up) fell on his stump just before the assessment. This fall substantially increased his PLP because of peripheral nerve damage to the stump. Finally, participant 8 stated that he had insufficient time to fill in the diary due to administrative overload and ongoing legal procedures; he reported by telephone that his intensity of pain had not changed since the last assessment (three months after treatment). From the six available subjects at long-term follow-up, the pain intensity of two participants (3 and 4) had decreased further (mean pain intensity 0.19 and 0.71, respectively) since completion of treatment, and both subjects could now be considered pain free. The pain intensity of two other participants (2 and 5) had remained at the same level (mean pain intensity 1.67 and 0.20, respectively). The pain intensity for participant 1 had increased (mean pain intensity 2.93), but was still substantially lower than at the start of treatment. Only participant 10 had no benefit at all from EMDR treatment; her pain intensity had not decreased during treatment or thereafter, and the pain had slightly increased 30 months after conclusion of treatment. This patient not only suffered from PLP, but also from hernia and CRPS before treatment and, meanwhile, her healthy foot was also affected by CRPS.
diSCuSSion
There is increasing evidence that painful conditions, such as PLP, may be the result of inappropriately stored or chronically activated pain memories (9, 10) . In the present study, it was hypothesized that because EMDR is effective in treating traumatic memories, PLP (conceptualized as pain memory) might be effectively treated in a similar way. Our results indicate that focusing on unresolved trauma and pain-related memories might be a promising, noninvasive and relatively brief treatment strategy -at least for some patients.
Substantial reductions in chronic PLP were obtained. Of the eight participants who improved, four were considered completely pain free at three months follow-up. Almost three years after treatment, three of the six available participants were completely pain free. These findings are in line with previous reports on PLP treated with EMDR, in which 40% (21) to 80% (23) of the participants showed almost complete remission. Furthermore, after treatment, the score on the bodily pain subscale (SF-36) fell within the normal range of the Dutch population. The mean total scores of the trauma scales decreased significantly over time and the only subscale that differed from the normal population at pretest normalized after treatment.
In the present study, the question arises as to why the treatment was effective for some, but not all participants. The first explanation could be that EMDR resolved the memories of events that triggered or maintained the present pain (19) . More specifically, the EMDR standard protocol and the EMDR pain protocol used in the present study targeted the two types of somatosensory memories believed to be involved in PLP (ie, trauma-related pain flashbacks, and pain memories resulting from long-lasting or intense preamputation pain).
In this respect, two of our findings are important. First, albeit before treatment, only one participant fulfilled the criteria for PTSD, and the sample generally reported more trauma symptoms than the normal controls. In accordance herewith, 70% of the participants reported trauma-or pain-related memories that were affect laden and could subsequently be targeted. In three of the participants, no explicit disturbing trauma or pain-related memories could be identified. Despite the physical disability resulting from the amputation, these three participants regarded their operation and related events as positive because they considered the amputation to be a life-saving event. Interestingly, the two nonresponders belong to this group. Thus, the question arises as to whether it is necessary for participants to have access to an explicit amputation-related memory that is still affect laden to benefit from EMDR treatment.
Second, with regard to somatosensory memories due to preamputation pain, six participants reported preamputation pain and three of them had pain for longer than one year. The two nonresponders were among them. This raises the question of whether the chance of becoming pain free after EMDR treatment might be reduced for those who had preamputation pain of long duration. Katz and Melzack (9) suggest that the development of somatosensory memories may depend on a mechanism in which the threshold is sensitive to a combination of intensity and duration, so that intense pains of short duration (eg, gangrene), and long-lasting mild or innocuous sensations (eg, a bandage or wedding band) create sufficient excitation to produce long-term central changes. Therefore, future studies should include detailed information on the duration and intensity of the preamputation pain, in addition to characterization of the type of pain.
Another explanation for the effects of the present treatment is that EMDR modifies cortical plasticity by giving indirect sensory input (exposure) to the brain region that formerly represented the amputated limb. PLP and cortical reorganization are strongly correlated (8, 33) , and cortical reorganization can be altered by changing the sensory input in the neural network either by strengthening it (34) (35) (36) or by taking it away (37, 38) . This could also explain the promising results obtained in studies using noncustomary methods such as acupuncture (39) , mirror therapy (40, 41) , sensory discrimination training (34) and hypnosis (42) . Concentrating on the phantom limb sensation or on phantom limb movements would activate brain areas corresponding with the original limb before amputation (43) (44) (45) . Similarly, concentrating on the pain (as in the EMDR pain protocol) might activate the neural PLP network (46) . Thus, another way in which trauma treatments similar to EMDR may affect PLP is through the induction of a functional reorganization (ie, restoration of the balance between excitatory and inhibitory input) in brain circuitry involved in PLP. If the effect of EMDR on PLP is the result of indirect sensory input, then EMDR should also be able to alter or reverse cortical reorganization. Future studies using brain imaging techniques may elucidate this process.
One limitation of the present study is the small number of participants. In addition, due to the absence of a (placebo) control group, the reported improvements could be due to the passage of time rather than to the specific intervention. Finally, although the effect sizes (based on intention-to-treat analysis) were large enough to suggest a real effect, and in most cases pain reduction was maintained at long-term follow-up, it is possible that nonspecific factors (such as attention, hope and support from the therapist) contributed to reduction in pain intensity. However, this seems unlikely because our participants had severe disabling pain for many years (mean 13.6 years) and had not responded to previous pharmacological, psychological and noncustomary treatments.
The results of our study support the idea that treatment aimed at processing unresolved trauma and pain-related memories can reduce the intensity of PLP by reducing the affective dimension of these memories or by integrating the somatic memory components (47) . For this approach to be effective, it seems that subjects need access to amputation-related memories, which are still disturbing to them at the time of the treatment, and/or they should not have long-lasting preamputation pain. Although the present results are promising, besides the need for randomized controlled trials, multiple replications with single subjects, time series analyses or multiple baseline approaches are warranted because these approaches may contribute to establishing the efficacy of trauma-focused approaches for PLP and may help to elucidate the processes involved.
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